Controversy surrounds the capacity of extracorporeal shock wave lithotripsy to cause soft tissue injury. This study examines the influence of different dosages of shock waves on the gail bladder in both humans and an animal model. Sixty one guinea pigs were divided into groups and subjected to different numbers of shock waves (6000, 24 000, and 48 000) at different frequencies (2-5, 5-0, 10, 20 
model. Sixty one guinea pigs were divided into groups and subjected to different numbers of shock waves (6000, 24 000, and 48 000) at different frequencies (2-5, 5-0, 10, 20 shock waves per second) and sacrificed at different intervals. Soft tissue damage after lithotripsy seemed to be related to the number of shock waves administered. In addition, repeated administration of low dose lithotripsy (at weekly intervals for six weeks) did not seem to produce a cumulative injury. Finally, in the animals sacrificed one month after receiving high dose lithotripsy, no soft tissue damage was evident, indicating satisfactory healing. Thirty patients were subjected to either high dose (36000 shock waves) or low dose (6000 shock waves) lithotripsy 24 hours before elective cholecystectomy. Both macroscopic and microscopic evidence of soft tissue injury were detected in a significantly higher percentage of patients who received a high dose in a single treatment (p<005). The group who received repeated low dose lithotripsy showed no evidence of cumulative injury. We conclude that low dose lithotripsy produces minimal soft tissue injury and is safe when repeated up to six times at weekly intervals.
second generation piezoelectric lithotripter for use on gall stones.
Before extracorporeal shock wave lithotripsy could be considered as a realistic treatment option for patients suffering from gall stones several questions had to be addressed. Of immediate importance was the apparent paradox between the ability of this technique to shatter gall stones and supposedly be harmless to soft tissue. Consequenfly, it was decided to study this prospectively by first exaning soft tissue changes after lithotripsy in an animal model and then in a series of patients who received lithotripsy before cholecystectomy.
Methods
We assessed the safety limits of EDAP (Exploration development des applications de (Table II) . Histological examination of the gall bladders showed mild intramural haemorrhage in the two cases that had macroscopic injury (Table III) .
Group 2 High dose Of the 20 patients studied in this group, 14 had evidence of macroscopic injury to the gall bladder ranging from small petechial haemorrhages on the serosal surface of the gall bladder to transmural haemorrhage extending to the free edge of the lesser sac ( Fig  1A) . In no case, however, did the tissue change extend through to the mucosal layer of the gall bladder. Mucosal preservation was a constant feature in all cases (Fig 1B, arrow) . This is in contrast to the findings in cases ofacute gall stone cholecystitis, which suggests that the changes shown in this study resulted specifically from the use of lithotripsy. In addition to the changes noted in the gall bladders, further tissue damage to other organs was noted. Haematomas were seen in the duodenum (n=6), gastric antrum (n=2), and the falciform ligament (n= 1). Six cases showed no evidence of macroscopic injury to the gall bladder or other soft tissues (Table II) . The number of patients with soft tissue injury was significantly higher in this group (p<005). All of the patients who suffered macroscopic gall bladder injury showed appreciable histological changes (Table III) . These included fresh intramural haemorrhage (n= 14) and fibrinous exudation and arteriolar oedema (n=9). In addition, extensive eosinophilic infiltration and fibrinoid necrosis (Fig 2, arrow) of the arteriolar wall were seen in nine cases. Finally, pronounced muscle necrosis was apparent in one case. As with the macroscopic findings, complete mucosal preservation was noted on each specimen. No specific microscopic changes were noted in the six patients in whom there was no evidence of macroscopic injury.
Group 3 Cumulative All patients in this group who were failures of therapeutic lithotripsy had received a total of 36 000 shock waves in divided doses over six months. There was no macroscopic damage to the gall bladder or the neighbouring organs at the time of cholecystectomy (Table II) . In addition, subsequent histological examination of the gall bladders in this group showed no evidence of fibrosis which would suggest longterm damage (Table III) .
Effect oflithotripsy on gall stones At the time of cholecystectomy all gall bladders were opened and the contents examined for evidence of gall stone fragmentation after lithotripsy. Although the patients in the high and the low dose groups had undergone only a single treatment session, the majority showed evidence of stone fragmentation. Of the 20 patients in the high dose group, 14 showed some degree of fragmentation ranging trom small fragments to varying quantities of biliary sand. Similar results were obtained in the low dose and cumulative study groups in which 10 out of 15 patients had evidence of stone fragmentation.
Discussion
Early results of gall stone lithotripsy are encouraging and these have been achieved with either a spark gap or a piezoelectric system.2 5 There are, however, few available data on the safety limits for extracorporeal shock wave lithotripsy for gall stones. The EDAP LT-01 lithotripter uses a piezoelectric system in which the shock wave is generated from 320 ceramic crystals. The generated shock waves are then aimed onto the gall stone, using ultrasound imaging. This lithotripter has a small focal region where the shock waves strike the target, and although this requires accurate localisation, less pain is produced, thus obviating the necessity for analgesia, sedation, or anaesthesia. In addition, the potential for tissue damage to surrounding structures is reduced.4 In our study we have shown that piezoelectric lithotripsy using the EDAP LT-01 has the capacity to produce appreciable soft tissue injury and the extent of injury is directly related to the number of shock waves delivered. Although our data are limited, the expression of injury seemed to be independent of the frequency in the range we used (2 5 to 20 shock waves per second). But, despite the pathological effects of a large number of shock waves in both the human and the animal studies, no untoward clinical effects were sustained. Furthermore, healing appeared to be complete in the guinea pigs treated with 48 000 shock waves after four weeks with no evidence of residual damage of a macroscopic or microscopic nature. We should, however, emphasise that the extrapolation of results from guinea pigs to large species, such as humans, must be interpreted with extreme caution, given the difference in abdominal wall thickness.
These findings concur with those in similar studies carried out in our unit in which the effects of renal piezoelectric lithotripsy were assessed. 
